Transition state analogs for protocatechuate 3,4-dioxygenase. Spectroscopic and kinetic studies of the binding reactions of ketonized substrate analogs.
The binding reactions of two heterocyclic analogs of protocatechuate (PCA), 2-hydroxyisonicotinic acid N-oxide and 6-hydroxynicotinic acid N-oxide, to Brevibacterium fuscum protocatechuate 3,4-dioxygenase have been characterized. These analogs were synthesized as models for the ketonized tautomer of PCA which we have previously proposed as the form which reacts with O2 in the enzyme complex (Que, L., Jr., Lipscomb, J.D., Munck, E., and Wood, J.M. (1977) Biochim. Biophys. Acta 485, 60-74). Both analogs have much higher affinity for the enzyme than PCA. Repetitive scan optical spectra of each binding reaction show that at least one intermediate is formed. The spectra of the intermediates are red-shifted (lambda max = 500 nm) relative to that of native enzyme (lambda max = 435 nm) but are similar to that of the anaerobic enzyme-PCA complex. In contrast, the spectrum of the final, deadend complex formed by each analog is significantly blue-shifted (lambda max less than 340 nm) resulting in an apparent bleaching of the chromophore of the enzyme. A transient intermediate exhibiting a similar bleached spectrum has been detected in the enzyme reaction cycle immediately after O2 is added to the enzyme-PCA complex (Bull C., Ballou D.P., and Otsuka, S. (1981) J. Biol. Chem. 256, 12681-12686). Stopped flow measurements of the analog binding reactions show that a relatively weak enzyme complex is initially formed followed by at least two isomerizations leading to the bleached, high affinity complexes. EPR spectra of both the early and final complexes reveal only high spin Fe3+ with negative zero field splitting, showing that the optical bleaching is not due to Fe reduction. The studies show that the ketonized analogs are poor models for the enzyme-substrate complex but do successfully mimic many features of the first oxy complex of the reaction cycle. We propose that substrate ketonization occurs coincident with or after O2 binding and may be involved directly in the O2 insertion reaction.